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TMSTTTATTNG CE P AMTP POMP ACT TFT? AMT C MULTILAYER 
ct msTP ATF. AND CER AMTC ELECTR ONTC DEVICE 

p a ncd-Rdi TND OF T HF. INVENTION 
1 Field of the Invention 

5 The present invention relates to insulating ceramic compacts for use in 

multilayer circuit substrates, and more particularly, relates to a high-frequency 
insulating ceramic compact which is suitably used for a hybrid multilayer circuit 
substrate for mounting semiconductor elements or various electronic elements 
thereon and which can be simultaneously fired with a conductive material such as 

10 copper or silver, relates to a ceramic multilayer substrate using the insulating ceramic 
compact and relates to a ceramic electronic device. 

2. Description of the R elated Art 

In recent years, trends toward high speed and high frequency processing of 
electronic devices have been progressing rapidly. In addition, electronic elements 
1 5 mounted on electronic devices are required to satisfy a higher processing speed and a 
higher integration density and furthermore, are also required to satisfy a higher 
mounting density. In response to the requirements described above, multilayer 
circuit substrates have been used as substrates for mounting semiconductor elements 
and various electronic elements thereon. In multilayer circuit substrates, conductor 
2 o circuits or functional electronic elements are embedded, and hence, miniaturization 
of electronic devices can be performed. 

As a material for forming the multilayer circuit substrate described above, 
alumina has heretofore been used in many cases. 
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The firing temperature for alumina is relatively high, such as 1,500 to 
1,600°C. Accordingly, a high melting point metal, such as molybdenum (Mo), 
molybdenum-manganese (Mo-Mn), tungsten (W) or the like, must be generally used 
as a material for a conductive circuit embedded in the multilayer circuit substrate 
composed of alumina. However, these high melting point metals have high electrical 
resistance. 

Accordingly, it has been strongly desired that an inexpensive metal, such as 
copper, having a lower resistance than that of the high melting point metals be used 
as a conductive material. In order to use copper as the conductive material, usage of 
a glass ceramic or a crystallized glass, which can be fired at 1,000°C or less, is 
proposed (for example, Japanese Unexamined Patent Application Publication No. 
5-238774). 

In addition and in consideration of connection with a semiconductor element 
such as a silicon (Si) chip, usage of a ceramic having a coefficient of thermal 
expansion approximately equivalent to that of Si is proposed as a material for a 
multilayer circuit substrate (Japanese Unexamined Patent Application Publication 
No. 8-34668). 

However, the known substrate materials described above, which can be fired 
at a low temperature, have problems in that the mechanical strength is low, the Q 
value is low and the types of the precipitated crystalline phases and the ratio thereof 
are easily influenced by the firing process. 

In addition, the substrate materials disclosed in Japanese Unexamined Patent 
Application Publications Nos. 5-238774 and 8-34668 have a problem in that co- 
firing with a high dielectric material having a high coefficient of thermal expansion 
is difficult to perform. 



SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide an insulating 
ceramic compact which can solve the problems of the conventional techniques 
described above, can be fired at a low temperature, can be simultaneously fired with 
a conductive material having a relatively low melting point, such as silver or copper, 
has a low relative dielectric constant and superior high-frequency characteristics, and 
in addition, has a high coefficient of thermal expansion. 

Another object of the present invention is to provide a ceramic multilayer 
substrate which is formed of the insulating ceramic compact described above, can be 
fired at a low temperature, has a low relative dielectric constant and superior high- 
frequency characteristics and can be obtained by co-sintering with a high dielectric 
material having a high coefficient of thermal expansion, and is to provide a ceramic 
electronic device and a laminated ceramic electronic device which use the ceramic 
multilayer substrate described above. 

Through intensive research by the inventors of the present invention in order 
to solve the problems described above, it was discovered that, in an insulating 
ceramic compact formed of a fired mixture of an MgAl 2 0 4 -based ceramic and a 
borosilicate glass, when an MgAl 2 0 4 crystal phase and at least one of an Mg 3 B 2 0 6 
crystal phase and an Mg 2 B 2 0 5 crystal phase are precipitated as primary crystal 
phases, or when an MgAl 2 0 4 crystal phase, an Mg 2 Si0 4 crystal phase and at least one 
of an Mg 3 B 2 0 6 crystal phase and an Mg 2 B 2 0 5 crystal phase are precipitated as 
primary crystal phases, an insulating ceramic compact can be obtained having a low 
relative dielectric constant, superior high frequency characteristics and a high 
coefficient of thermal expansion, whereby the present invention was made. 

In accordance with one aspect of the present invention, an insulating ceramic 
compact is provided comprising a fired mixture of an MgAl 2 0 4 -based ceramic and a 
borosilicate glass, in which an MgAl 2 0 4 crystal phase and at least one of an Mg 3 B 2 0 6 



crystal phase and an Mg 2 B 2 0 5 crystal phase are precipitated as primary crystal 
phases. 

In accordance with another aspect of the present invention, an insulating 
ceramic compact is provided comprising a fired mixture of an MgAl 2 0 4 -based 
ceramic and a borosilicate glass, in which an MgAl 2 0 4 crystal phase, an Mg 2 Si0 4 
crystal phase, and at least one of an Mg 3 B 2 0 6 crystal phase and an Mg 2 B 2 0 5 crystal 
phase are precipitated as primary crystal phases. 

In the present invention, the borosilicate glass preferably comprises boron 
oxide, silicon oxide and magnesium oxide. When an MgAl 2 0 4 ceramic and a glass 
composition containing at least boron oxide (B 2 0 3 ), silicon oxide (Si0 2 ) and 
magnesium oxide (MgO) are combined together, the MgAl 2 0 4 crystal phase and at 
least one of the Mg 3 B 2 0 6 crystal phase and the Mg 2 B 2 0 5 crystal phase can be 
precipitated as the primary crystal phases, or the MgAl 2 0 4 crystal phase and at least 
one of the Mg 2 Si0 4 crystal phase, the Mg 3 B 2 0 6 crystal phase, and the Mg 2 B 2 0 5 
crystal phase can be precipitated as the primary crystal phases, whereby, in both 
cases, an insulating ceramic compact can be obtained having superior high frequency 
characteristics and a high coefficient of thermal expansion. 

The borosilicate glass preferably comprises about 8 to 60 wt% of boron oxide 
calculated as B 2 0 3 , about 10 to 50 wt% of silicon oxide as Si0 2 and about 10 to 55 
wt% of magnesium oxide as MgO. In addition, the borosilicate glass more 
preferably comprises about 20 to 40 wt% of boron oxide. 

In the borosilicate glass, the boron oxide preferably occupies about 8 to 60 
wt%intheformofB 2 0 3 . The boron oxide serves primarily as a fusing agent. When 
the content of boron oxide is less than about 8 wt% in the form of B 2 0 3 , the melting 
temperature may be excessively increased in some cases and when the content is 
more than about 60 wt%, the humidity resistance may be degraded in some cases. 



The silicon oxide preferably occupies about 10 to 50 wt% in the form of 
Si0 2 . In addition, the silicon oxide more preferably occupies about 13 to 38 wt%. 
When the content thereof is less than about 10 wt%, the chemical stability of the 
borosilicate glass tends to be decreased and when the content is more than about 50 
wt%, the melting temperature of the glass may be increased in some cases. 

The magnesium oxide preferably occupies about 10 to 55 wt% in the form of 
MgO. In addition, the magnesium oxide more preferably occupies about 35 to 53 
wt%. MgO decreases a melting temperature when a glass is formed and is a 
constituent component of a crystal in the crystallized glass. In particular, an MgO- 
B 2 0 3 compound shows a Qf value (product of the Q value and the frequency f) of 
tens of thousands GHz and is primarily responsible for realizing superior high 
frequency characteristics. When the content of MgO is less than about 10 wt%, the 
Q value may be decreased in some cases and when the content thereof is more than 
about 55 wt%, the precipitated amount of the crystal becomes excessive, and hence, 
the substrate strength may be decreased in some cases. 

By adjusting the ratio of the magnesium oxide and the boron oxide, contained 
in the borosilicate glass, a Mg 3 B 2 0 6 crystal phase or a Mg 2 B 2 0 5 crystal phase can be 
selectively precipitated. That is, when the magnesium oxide exceeds the ratio 
MgO : B 2 0 3 = 3 : 1 on a molar basis, the Mg 3 B 2 0 6 crystal phase can be precipitated. 
On the other hand, when the boron oxide is exceeds the ratio MgO : B 2 0 3 = 3 : 1, the 
Mg 2 B 2 0 5 crystal phase can be selectively precipitated. When the ratio is 
approximately MgO : B 2 0 3 = 3 : 1, the Mg 3 B 2 O e crystal phase and the Mg 2 B 2 0 5 
crystal phase are both present. 

The borosilicate glass described above preferably further comprises about 
20 wt% or less of an alkali metal oxide. The alkali metal oxide serves to decrease 
the melting temperature during glass formation; however, when the content thereof is 
more than about 20 wt%, the Q value tends to decrease. As the alkali metal oxide 
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described above, there may be mentioned Na 2 0, K 2 0, Li 2 0 and the like. In addition, 
the sintering temperature can also be decreased. When the amount of the alkali metal 
oxide in the borosilicate glass is adjusted, the coefficient of thermal expansion can 
also be adjusted. 

The borosilicate glass preferably further comprises about 30 wt% or less of 
zinc oxide calculated as ZnO. Zinc oxide serves to decrease a firing temperature. 
However, when the content of zinc oxide is more than about 30 wt%, the chemical 
stability of the glass may be decreased in some cases. 
m Th e borosilicate glass preferably comprises about 10 wt% or less of copper 

% io oxide in the form of CuO. Copper oxide serves to decrease a firing temperature; 
* however, when the content thereof is more than about 10 wt%, the Q value may be 

degraded in some cases. 

The borosilicate glass preferably further comprises about 20 wt% or less of 
aluminum oxide in the form of A1 2 0 3 . Aluminum oxide can improve chemical 
stability. However, when the content of aluminum oxide is more than about 20 wt%, 
a dense sintered body may not be obtained in some cases. 

The ratio of the MgAl 2 0 4 -based ceramic to the borosilicate glass is preferably 
in the range of from about 20 : 80 to 80 : 20 on a weight basis. When the content 
ratio of the ceramic described above is less than about 20 wt%, the Q value tends to 
2 0 decrease and when the content ratio is more than about 80 wt%, by firing at a 

temperature of from 900 to 1,000°C, the obtained insulating ceramic compact may 
not be sufficiently densified in some cases. 

In said one aspect of the present invention, when the total crystal phases are 
assumed to be 100 wt% in the sintered body described above, about 5 to 80 wt% of 
the MgAl 2 0 4 crystal phase and about 5 to 70 wt% of the Mg 3 B 2 0 6 crystal phase 
and/or the Mg 2 B 2 0 5 crystal phase are preferably precipitated, respectively. In the 
ranges described above, high reliability, superior sintering characteristics, a sufficient 
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mechanical strength and a high Q value can be obtained. When the ratio of the 
MgAl 2 0 4 crystal phase is less than about 5 wt%, the strength of the insulating 
ceramic compact may be decreased in some cases and when the ratio thereof is more 
than about 80 wt%, densification may not be performed by sintering at 1,000°C or 

5 less in some cases. 

When the content of the MgAl 2 0 4 crystal phase is less than about 5 wt%, the 
filler component is decreased and the amount of an expensive glass is increased, 
whereby the cost may be increased in some cases. When the content is more than 
S3 about 80 wt%, densification may be difficult to perform at 1 ,000°C or less. In 

1 o addition, when the content of the Mg 3 B 2 0 6 crystal phase and/or the Mg 2 B 2 0 5 crystal 
phase is less than about 5 wt%, since the reaction between the magnesium oxide 
(MgO) and the boron oxide (B 2 0 3 ) does not sufficiently proceed, the sintering 
characteristics and the reliability may be decreased, and the Q value may also be 

" decreased in some cases. In order to precipitate about 70 wt% or more of the 
1 5 Mg 3 B 2 0 6 crystal phase and/or the Mg 2 B 2 0 5 crystal phase, the amount of an 
expensive glass must be increased, and as a result, the cost is increased. 

In said another aspect of the present invention, when the total crystal phases 
are assumed to be 100 wt% in the sintered body described above, it is preferable that 
about 5 to 80 wt% of the MgAl 2 0 4 crystal phase be precipitated, and that the 

2 0 Mg 2 Si0 4 crystal phase and at least one of the Mg 3 B 2 0 6 crystal phase and the 
Mg 2 B 2 0 5 crystal phase be precipitated so that the total precipitated amount thereof is 
about 5 to 70 wt%. In the ranges described above, superior sintering characteristics, 
sufficient mechanical strength, superior high frequency characteristics and a high 
coefficient of thermal expansion can be obtained. When the content of the MgAl 2 0 4 

2 5 crystal phase is less than about 5 wt%, the mechanical strength may be decreased in 
some cases and when the content is more than about 80 wt%, densification may not 
be performed at 1,000°C or less in some cases. When the total precipitated amount 
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of the Mg 2 Si0 4 crystal phase, the Mg 3 B 2 0 6 crystal phase and the Mg 2 B 2 0 5 crystal 
phase is less than about 5 wt%, since the reaction between the magnesium oxide 
(MgO) and the boron oxide (B 2 0 3 ) does not sufficiently proceed, the sintering 
characteristics and the reliability may be decreased and the Q value may also be 
decreased in some cases. When the total precipitated amount is more than about 70 
wt%, the amount of an expensive glass must be increased, and as a result, the cost is 
increased. 

As the glass described above, a mixture obtained by calcining a glass 
composition at 700 to 1,000°C may also be used. 

According to the present invention, since the MgAl 2 0 4 ceramic and the 
predetermined borosilicate glass described above are used, an insulating ceramic 
compact can be obtained which can be formed by co-sintering with a low melting 
point metal material such as copper or silver and which has a sufficient mechanical 
strength, superior high frequency characteristics and a high coefficient of thermal 
expansion. 

In addition, the obtained insulating ceramic compact preferably has a Q value 
of 700 or more at a measurement frequency of 15 GHz. When the Q value is 700 or 
more at 15 GHz, the insulating ceramic compact is preferably used for a circuit 
substrate used in a high frequency region, for example, in a frequency region of 1 
GHz or more. 

A ceramic multilayer substrate according to the present invention comprises a 
ceramic board having insulating ceramic layers composed of an insulating ceramic 
compact of the present invention and a plurality of internal electrodes formed in the 
insulating ceramic layers of the ceramic board. 

In the ceramic multilayer substrate of the present invention, on at least one 
surface of each of the insulating ceramic layers described above, a second ceramic 



layer having a dielectric constant higher than that of the insulating ceramic layers is 

preferably provide. 

In the ceramic multilayer substrate of the present invention, the plurality of 
internal electrodes is preferably laminated to each other with at least a part of the 
insulating ceramic layers provided therebetween so as to form a laminated capacitor. 

In the ceramic multilayer substrate of the present invention, the plurality of 
internal electrodes may comprise capacitor internal electrodes which are laminated to 
each other with at least a part of the insulating ceramic layers provided therebetween 
so as to form a laminated capacitor, and coil conductors which are connected to each 
other so as to form a laminated inductor. The capacitor is preferably provided on the 
second ceramic layer (for miniaturization and increased capacitance). 

A ceramic electronic device of the present invention comprises the ceramic 
multilayer substrate of the present invention and at least one electronic element 
which is mounted on the ceramic multilayer substrate and which forms a circuit 
together with the plurality of internal electrodes. 

The ceramic electronic device of the present invention preferably further 
comprises a cap which is fixed to the ceramic multilayer substrate so as to enclose 
the electronic element. As the cap, a conductive cap is preferably used. 

The ceramic electronic device of the present invention preferably further 
comprises a plurality of external electrodes formed only on the bottom surface of the 
ceramic multilayer substrate and a plurality of conductors provided in throughholes, 
which is electrically connected to the external electrodes and which is electrically 
connected to the internal electrodes or to the electronic element. 

A laminated ceramic electronic device of the present invention comprises a 
sintered ceramic body composed of the insulating ceramic compact of the present 
invention, a plurality of internal electrodes disposed in the laminated ceramic body, 
and a plurality of external electrodes which are formed on outside surfaces of the 
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sintered ceramic body and which are electrically connected to some of the internal 
electrodes. 

In the laminated ceramic electronic device of the present invention, the 
plurality of internal electrodes is disposed so as to be laminated to each other with 
ceramic layers provided therebetween, and hence, a capacitor unit is formed. 

In addition to the internal electrodes forming the capacitor unit described 
above, the plurality of internal electrode preferably further comprises a plurality of 
coil conductors connected to each other so as to form a laminated inductor unit. 

BRTEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing an XRD spectrum of an insulating ceramic compact 
of sample No. 9 according to an example of the present invention; 

Fig. 2 is a view showing an XRD spectrum of an insulating ceramic compact 
of sample No. 14 according to an example of the present invention; 

Fig. 3 is a view showing an XRD spectrum of an insulating ceramic compact 
of sample No. 20 according to an example of the present invention; 

Fig. 4 is a cross-sectional view showing a laminated ceramic module as a 
ceramic electronic device using a ceramic multilayer substrate according to an 
example of the present invention; 

Fig. 5 is an exploded perspective view showing the ceramic multilayer 

module shown in Fig. 4; 

Fig. 6 is an exploded perspective view for illustrating ceramic green sheets 
and electrode patterns formed thereon, which are used for manufacturing a laminated 
ceramic electronic device according to an example of the present invention; 

Fig. 7 is a perspective view showing a laminated ceramic electronic device 
according to an example of the present invention; and 



- 11 - 



o 



Fig. 8 is a diagram showing a circuit structure of the laminated ceramic 
electronic device shown in Fig. 7. 

DESCRIPTION OF THE PREFE RRED EMBODIMENTS 

Hereinafter particular examples of an insulating ceramic compact according 
5 to the present invention will first be described, and in addition, examples of 
structures of a ceramic multilayer substrate, a ceramic electronic device and a 
laminated ceramic electronic device will be described, whereby the present invention 

will become apparent. 

Powdered Mg(OH) 2 and A1 2 0 3 were prepared as starting powdered materials 

10 and were mixed so as to have a stoichiometric composition represented by MgAl 2 0 4 . 

After wet-mixing was performed for 16 hours followed by drying, the mixture thus 
formed was calcined at 1,350°C for 2 hours and was then pulverized. 

Next, the powdered ceramic composition thus formed and a glass having a 
composition shown in Table 1 was mixed so that about 20 to 80 wt% of the 

1 5 powdered ceramic composition is contained in the mixture as a ceramic component, 
and after an appropriate amount of a binder was added thereto, peptizing was then 
performed. Subsequently, molding at a pressure of 200 MPa was performed, thereby 
forming a cylindrical molded body 7 mm thick and 12 mm in diameter. This molded 
body was fired at 850 to 1,000°C for 2 hours in the air, thereby forming a sample of 

2 0 an insulating ceramic compact. By using the sample of this insulating ceramic 

compact thus formed, the relative dielectric constant and the Q value were measured 
at 1 5 GHz by a dielectric resonant method. The measurement results are shown in 
Table 2. 

In addition, the cylindrical sample was pulverized and was then analyzed by 
2 5 using an XRD (x-ray diffraction) method, whereby the presence of an MgAl 2 0 4 

crystal phase, an Mg 3 B 2 0 6 crystal phase, an Mg 2 B 2 0 5 crystal phase and an Mg 2 Si0 4 
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crystal phase were confirmed. The results are shown in Table 2 below. In Table 2, 
SP indicates an MgAl 2 0 4 crystal phase, KO indicates an Mg 3 B 2 0 6 crystal phase, SU 
indicates an Mg 2 B 2 0 5 crystal phase and FO indicates an Mg 2 Si0 4 crystal phase. WO 
indicates a CaSi0 3 crystal phase and GH indicates a Ca 2 Al(AlSi0 7 ) crystal phase. In 
addition, in Figs. 1 to 3, analyzed results of the insulating ceramic compacts of 
sample No. 9, sample No. 14 and sample No. 20 by the XRD method are shown, 
respectively. In Figs. 1 to 3, O indicates a peak in accordance with the MgAl 2 0 4 
crystal phase, A indicates a peak in accordance with the Mg 3 B 2 0 6 crystal phase, x 
indicates a peak in accordance with the Mg 2 B 2 0 5 crystal phase and V indicates a peak 
in accordance with the Mg 2 Si0 4 crystal phase. 

In addition, bending strengths of additionally formed strip-shaped samples 
formed of the insulating ceramic compact were evaluated by a three-point bending 
test in accordance with JIS C2141 . Sample No. 20 showed a high strength of 280 
MPa. 

Furthermore, using the strip-shaped samples used for the bending strength 
test, the coefficients of thermal expansion were measured. Coefficients of thermal 
expansion from room temperature to 600°C are shown in Table 2 below. 
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As can be seen in Table 2, sample Nos. 1 to 24 of the insulating compositions 
according to the example of the present invention confirmed that sintering could be 
performed at a lower temperature of from 850 to 1,000°C; the relative dielectric 
constant was low, such as approximately 7; the coefficient of thermal coefficient 
from room temperature to 600°C was high, such as 9 to 1 1 .5 ppm/°C; and the Q 
value at a measurement frequency of 15 GHz was high, such as 700 or more. 

In contrast, when glass Q or glass R shown in Table 1 was used, an MgAl 2 0 4 
crystal phase and a CaSi0 3 crystal phase or an MgAl 2 0 4 phase, an Mg 2 Si0 4 phase, 
and a Ca 2 Al(AlSi0 7 ) phase as primary crystals, are precipitated, and hence, the Q 
value may be decreased in some cases. When the glass content was less then 
20 wt%, densification could not be performed at 1,000°C or less and when the 
content was 80 wt%, the Q value was decreased. 

Next, examples of the structures of a ceramic multilayer substrate, a ceramic 
electronic device, and a laminated ceramic electronic device, which use the 
insulating ceramic compact of the present invention, will be described. 

Fig. 4 is a cross-sectional view showing a ceramic multilayer module as an 
example of a ceramic electronic device including the ceramic multilayer substrate 
according to the present invention, and Fig. 5 is an exploded perspective view 
thereof. 

A ceramic multilayer module 1 is formed by using a ceramic multilayer 
substrate 2. 

The ceramic multilayer substrate 2 comprises insulating ceramic layers 3a 
and 3b composed of the insulating ceramic compact of the present invention and 
dielectric ceramic layer 4, which has a high dielectric constant and which is 
composed of, for example, barium titanate mixed with glass, provided therebetween. 

In the dielectric ceramic layer 4, a plurality of internal electrodes 5 are 
disposed so as to be adjacent to each other with parts of the dielectric ceramic layer 4 
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provided therebetween, and hence, laminated ceramic capacitors CI and C2 are 
formed. 

In addition, a plurality of via hole electrodes 6 and 6a and internal wires are 
provided for the insulating ceramic layers 3a and 3b and the dielectric ceramic layer 
5 4. 

Furthermore, on the upper surface of the ceramic multilayer substrate 2, 
electronic elements 9 to 1 1 are mounted. As the electronic elements 9 to 1 1, an 
electronic element, such as a semiconductor element, or a chip-type laminated 
capacitor, can be optionally used. By the via hole electrodes 6 and the internal wires, 

1 o these electronic elements 9 to 1 1 and the capacitor units CI and C2 are electrically 

connected to each other, whereby a circuit of the ceramic multilayer module 1 is 
formed. 

In addition, on the upper surface of the ceramic multilayer substrate 2, a 
conductive cap 8 is fixed. The conductive cap 8 is electrically connected to via hole 
1 5 electrodes 6a penetrating the ceramic multilayer substrate 2 from the upper surface to 

the bottom surface thereof. External electrodes 7 are formed on the bottom surface 
of the ceramic multilayer substrate 2 and are connected to the via hole electrodes 6a. 
Even though other external electrodes are not shown in the figure, as is the case of 
the external electrodes 7, they are formed only on the bottom surface of the ceramic 

2 0 multilayer substrate 2. Furthermore, the other external electrodes are connected to 

the electronic elements 9 to 1 1 and the capacitor units CI and C2 via the internal 

wires described above. 

As described above, since the external electrodes 7, which are connected to 
the outside, are formed only on the bottom surface of the ceramic multilayer 
2 5 substrate 2, the ceramic multilayer module can be easily mounted by using the 

bottom surface thereof on the surface of a printed circuit board or the like. 



00513698.1 



- 18- 



In this example, since the cap 8 is composed of a conductive material and is 
connected to the external electrodes 7 via the via hole electrodes 6a, the electronic 
elements 9 to 1 1 can be electromagnetically shielded by the conductive cap 8. 
However, the cap 8 is not necessarily formed of a conductive material. 

In the ceramic multilayer module 1 of this example, since the insulating 
ceramic layers 3a and 3b described above are formed of the insulating ceramic 
compact of the present invention, the dielectric constant is low and the Q value is 
also high, whereby a ceramic multilayer module 1 suitably used in high frequency 
regions can be provided. In addition, since the insulating ceramic layers 3a and 3b 
have a superior mechanical strength, a ceramic multilayer module 1 having a 
superior mechanical strength can be formed. 

In this connection, the ceramic multilayer substrate 2 can be easily formed by 
a known integral firing technique for a laminated ceramic. 

In the laminated capacitor units CI and C2, since an insulating ceramic layer 
having a high dielectric constant is disposed between the internal electrodes 5 which 
are adjacent to each other in the thickness direction, a large static capacitance can be 
obtained by internal electrodes each having a relatively small surface area, and 
hence, miniaturization can also be performed. 

Figs. 6 to 8 are an exploded perspective view, an outline perspective view and 
a circuit diagram, respectively, for illustrating the structure of a laminated ceramic 
electronic device according to a second example of the present invention. 

The laminated ceramic electronic device 20 shown in Fig. 7 is an LC filter. 
In a sintered ceramic body 21, a circuit forming an inductance L and a static 
capacitance C is formed as described below. The sintered ceramic body 21 is formed 
of the insulating ceramic compact of the present invention. In addition, external 
electrodes 23a, 23b, 24a and 24 b are formed on outside surfaces of the sintered 
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ceramic body 21, and between the external electrodes 23a, 23b, 24a and 24 b, an LC 
resonant circuit shown in Fig. 8 is formed. 

Next, the inside structure of the sintered ceramic body 21 will be disclosed by 
describing a manufacturing method therefor with reference to Fig. 6. 

First, an organic vehicle is added to the insulating ceramic compact of the 
present invention, thereby yielding a ceramic slurry. This ceramic slurry is 
processed by an optional sheet molding method, thereby forming ceramic green 
sheets. After the ceramic green sheets thus formed are dried, they are punched out 
into a predetermined size, whereby rectangular ceramic green sheets 21a to 21m are 
formed. 

Next, throughholes for forming via hole electrodes 28 are formed in the 
ceramic green sheets 21a to 21m as required. By applying a conductive paste on the 
ceramic green sheets by screen printing, coil conductors 26a and 26b, capacitor 
internal electrodes 27a to 27c, and coil conductors 26c and 26d are formed, and in 
addition, the via hole electrodes 28 are formed by filling a conductive paste in the 
throughholes for via holes. 

Subsequently, the ceramic green sheets 21a to 21m are laminated to each 
other in the direction shown in the figure and are then pressed in the thickness 
direction, thereby yielding a laminate. 

The laminate thus formed is fired, whereby the sintered ceramic body 21 is 

obtained. 

On the sintered ceramic body 21 thus obtained, the external electrodes 23a to 
24b are formed as shown in Fig. 7 by a thin-film forming method, such as coating 
and baking of a conductive paste, deposition, plating or sputtering. As described 
above, the laminated ceramic electronic device 20 can be obtained. 

As can be seen form Fig. 6, an inductance unit LI is formed of the coil 
conductors 26a and 26b, an inductance unit L2 is formed of the coil conductors 26c 
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and 26d, and a capacitor C is formed of the internal electrodes 27a to 27c, which are 
shown in Fig. 8. 

In the laminated ceramic electronic device 20 of this example, the LC filter is 
formed as described above; however, since the sintered ceramic body 21 is formed of 
the insulating ceramic compact of the present invention, the LC filter can be obtained 
by low temperature firing as is the case of the ceramic multilayer substrate 2 in the 
example described above. Accordingly, the LC filter can be obtained by integral 
firing of the ceramic using a low melting point metal, such as copper, silver or gold, 
used as the internal electrodes, i.e., as the coil conductors 26a to 26c and the 
capacitor internal electrodes 27a to 27c. In addition, an LC filter can be formed 
which has a low relative dielectric constant and a high Q value at a high frequency 
and which is suitably used in a high frequency region. Furthermore, since the 
insulating ceramic compact described above has a superior mechanical strength, an 
LC filter having a superior mechanical strength can also be provided. 

In the insulating ceramic compact in accordance with said one aspect of the 
present invention, which is a fired mixture of the MgAl 2 0 4 -based ceramic and the 
borosilicate glass, since the MgAl 2 0 4 crystal phase and at least one of the Mg 3 B 2 0 6 - 
based crystal phase and the Mg 2 B 2 0 5 crystal phase are precipitated as the primary 
crystal phases, the insulating ceramic compact can be obtained by firing at a low 
temperature of 1,000°C or less. In addition, the Qxf value is high, such as 10,000 
GHz or more at a measurement frequency of 10 GHz. Furthermore, the coefficient 
of thermal expansion is also high in the range of from room temperature to 600°C. 
Accordingly, a high-frequency insulating ceramic compact can be provided which is 
preferably used in high frequency regions, can be co-sintered with a high dielectric 
material having a high coefficient of thermal expansion, and can be sintered together 
with a low melting point metal such as copper or silver. 
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Consequently, an inexpensive ceramic multilayer substrate and a laminated 
ceramic electronic device can be provided which have a high Q value, have superior 
high frequency characteristics, and has a portion, composed of a high dielectric 
material, formed by integral firing by using the insulating ceramic compact in 
accordance with said one aspect of the present invention. 

In the insulating ceramic compact in accordance with said another aspect of 
the present invention, which is the fired mixture of the MgAl 2 0 4 -based ceramic and 
the borosilicate glass, since the MgAl 2 0 4 crystal phase and at least one of the 
Mg 2 Si0 4 -based crystal phase, the Mg 3 B 2 0 6 -based crystal phase, and the Mg 2 B 2 0 5 
crystal phase are precipitated as the primary crystal phases, an insulating ceramic 
compact can be provided which can be obtained by firing at a low temperature, such 
as 1,000°C or less, and which has a high Q value and a superior mechanical strength. 
Accordingly, the insulating ceramic compact can be co-sintered with an inexpensive 
metal having a low resistance, such as Cu or Ag, and hence, the metals mentioned 
above can be used as an internal electrode material for use in ceramic multilayer 
substrates or laminated ceramic electronic devices. As a result, an inexpensive 
ceramic multilayer substrate and a laminated ceramic electronic device can be 
provided having a high mechanical strength and a high Q value. 

In the case in which the borosilicate glass contains boron oxide, silicon oxide, 
magnesium oxide and an alkali metal oxide, when the MgAl 2 0 4 crystal phase and at 
least one of the Mg 3 B 2 0 6 -based crystal phase and the Mg 2 B 2 0 5 crystal phase, or the 
MgAl 2 0 4 crystal phase and at least one of the Mg 2 Si0 4 -based crystal phase, the 
Mg 3 B 2 0 6 -based crystal phase, and the Mg 2 B 2 0 5 crystal phase are precipitated as the 
primary crystal phase and when the borosilicate glass contains an alkali metal oxide 
in the predetermined ratio described above, the insulating ceramic compact according 
to the present invention can be obtained by firing at an even lower temperature 
without decreasing the Q value. 
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When the borosilicate glass described above contains boron oxide, silicon 
oxide, magnesium oxide and an alkali metal oxide in the predetermined ratios 
described above, an insulating ceramic compact can be more stably provided which 
can be obtained by low-temperature firing at 1,000°C or less and has a high Q value. 

When the borosilicate glass described above contains about 20 wt% or less of 
an alkali metal oxide, the insulating ceramic compact according to the present 
invention can be more stably obtained by low-temperature firing at 1,000°C or less. 

When the borosilicate glass described above contains about 20 wt% or less of 
aluminum oxide, the chemical stability of the borosilicate glass can be improved, and 
the insulating ceramic compact according to the present invention can be more stably 
obtained by low-temperature firing at 1,000°C or less. 

When the borosilicate glass described above contains about 30 wt% or less of 
zinc oxide, the melting temperature of the glass is decreased, and hence, an 
insulating ceramic compact can be obtained by firing at an even lower temperature. 

When the borosilicate glass described above contains about 10 wt% or less of 
copper oxide, the insulating ceramic compact according to the present invention can 
be obtained by firing at an even lower temperature without decreasing the Q value. 

When the ratio of the MgAl 2 0 4 -based ceramic to the borosilicate. glass is in 
the range of from about 20 : 80 to 80 : 20 on a weight basis, an insulating ceramic 
compact can be provided which has a high Q value and which can be satisfactory 
densified by low-temperature firing at 1,000°C or less. 

In the present invention, when in the insulating ceramic compact, about 5 to 
80 wt% of the MgAl 2 0 4 crystal phase and 5 to 70 wt% of at least one of the Mg 3 B 2 0 6 
crystal phase and the Mg 2 B 2 0 5 crystal phase are precipitated, respectively, an 
insulating ceramic compact having preferable sintering characteristics and superior 
reliability can be provided. 
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Since the ceramic multilayer substrate of the present invention comprises a 
ceramic board containing insulating ceramic layers composed of the insulating 
ceramic compact of the present invention, the ceramic multilayer substrate can be 
fired at a low temperature and an inexpensive metal, such as Ag or Cu, having a low 
resistance can be used as an internal electrode material. In addition, since the 
insulating ceramic layer has a high mechanical strength and a high Q value, a 
ceramic multilayer substrate can be provided which is preferably used in high- 
frequency regions. 

Concerning the structures described in the examples, the ceramic multilayer 
module 1 and the laminated ceramic electronic device 20 forming the LC filter are 
described by way of example; however, the ceramic electronic device and the 
ceramic multilayer electronic device of the present invention are not limited to the 
structures described above. That is, the present invention can be applied to various 
ceramic multilayer substrates such as a ceramic multilayer substrate for a multi-chip 
module or a ceramic multilayer substrate for a hybrid IC; various ceramic electronic 
devices having electronic elements mounted on the ceramic multilayer substrates 
described above; and various chip-type laminated electronic devices such as a chip- 
type laminated capacitor or a chip-type laminated dielectric antenna. 

In the ceramic multilayer substrate, when on at least one surface of the 
insulating ceramic layers, a second ceramic layer having a dielectric constant higher 
than that of the insulating ceramic layers is provided, by designing the composition 
and laminating mode of the second ceramic layer, the strength and the characteristics 
against environment can be optionally adjusted in accordance with various 
requirements. 

When a laminated ceramic capacitor is formed by laminating a plurality of 
internal electrodes to each other with at least a part of the insulating ceramic layers 
provided therebetween, the insulating ceramic compact of the present invention has a 
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low dielectric constant and a high Q value, and hence, the laminated ceramic 
capacitor can be preferably used in high frequency regions. 

In addition, since the insulating ceramic compact of the present invention has 
a high mechanical strength, a laminated capacitor having a superior mechanical 
strength can be formed. 

When the plurality of internal electrodes comprises internal electrodes for 
forming a laminated capacitor and a plurality of coil conductors connected to each 
other for forming a laminated inductor, since the insulating ceramic compact of the 
present invention has a low dielectric constant, a high Q value at a high frequency 
and a high mechanical strength, a compact LC resonant circuit preferably used in 
high frequency regions can be easily formed. 

According to the ceramic electronic device of the present invention formed 
by laminating at least one electronic element to the ceramic multilayer substrate of 
the present invention, by using the electronic element and a circuit structure formed 
in the ceramic multilayer substrate, various compact ceramic electronic devices 
preferably used in high frequency regions can be provided. 

When a cap is fixed to the ceramic multilayer substrate so as to enclose the 
electronic element, the electronic element can be protected by the cap and a ceramic 
electronic device having a superior humidity resistance and the like can be provided. 

When a conductive cap is used as the cap, electromagnetic shield can be 
performed for the electronic element enclosed by the cap. 

When external electrodes are formed only on the bottom surface of the 
ceramic multilayer substrate, the ceramic multilayer substrate can be easily surface- 
mounted at the bottom surface side thereof on a printed circuit board or the like. 

In the laminated ceramic electronic device of the present invention, since a 
plurality of internal electrodes is formed in the insulating ceramic compact of the 
present invention, firing can be performed at a low temperature and an inexpensive 
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metal, such as Ag or Cu, having a low resistance can be used as an internal electrode 
material. In addition, since the insulating ceramic compact has a low dielectric 
constant and a high Q value, and is preferably used in high frequency regions, a 
laminated capacitor preferably used in high frequency regions can be provided. 
Furthermore, since the insulating ceramic compact has a high mechanical strength, a 
laminated capacitor having a superior mechanical strength can be formed. 

In the laminated ceramic electronic device of the present invention, when a 
plurality of internal electrodes forms a laminated capacitor, since the insulating 
ceramic compact of the present invention has a low dielectric constant and a high Q 
value, the laminated capacitor is preferably used in high frequency regions. 

In the laminated ceramic electronic device of the present invention, when a 
plurality of internal electrodes comprises internal electrodes for forming a laminated 
capacitor and coil conductors for forming a laminated inductor, since the insulating 
ceramic compact of the present invention has a superior mechanical strength, has a 
low dielectric constant as described above and a high Q value at a high frequency, a 
compact LC resonant circuit can be formed which has a high mechanical strength 
and which is preferably used in high frequency regions. 



